Parvovirus B19 (B19V) is a nonenveloped virus with a diameter of 23--26 nm that contains a linear single-stranded deoxyribonucleic acid (DNA) genome of 5.6 kb, flanked by 2 identical terminal hairpin structures \[[@CIT0001]\]. This small virus, originally isolated from the screening panels of hepatitis B virus, is classified as an *Erythroparvovirus* of the *Parvoviridae* family. Parvovirus B19 infects only susceptible humans, and the protective immunity persists for the lifetime of person. Primary infection of B19V causes erythema infectiosum, transient cytopenias in children, and nonimmune hydrops fetalis in pregnant women \[[@CIT0002]\]. Subclinical infection occurs in approximately 30% of children and 60% of adults. If affected individuals have hemolytic or immunodeficiency diseases, severe complications occur during the primary infection or reactivation, including aplastic crisis, hemophagocytic lymphohistiocytosis (HLH), cardiomyopathy, encephalopathy, arthropathy, liver failure, and bone marrow failure. However, fatal B16V disease in otherwise healthy subjects has been unexplained.

Parvovirus B19 exhibits high tropism for erythroid progenitor cells (EPCs) in the bone marrow and fetal liver. Restricted replication of the virus in erythroid lineage cells accounts (1) for the expression of receptor and coreceptor(s) on the cell surface of human EPCs and (2) for the intracellular factors essential for virus replication \[[@CIT0003]\]. Parvovirus B19 DNA persists lifelong in various tissues of the tonsils, testicles, kidneys, muscle, salivary glands, thyroid, skin, liver, heart, brain, bone marrow, and bone \[[@CIT0004]\]. Parvovirus B19 infection precipitates rheumatic diseases, although little is known about the effect of B19V DNA on specific cell types. This virus causes acute glomerulopathy or microangiopathy but have not been reported about interstitial nephritis \[[@CIT0005], [@CIT0006]\].

In this study, we report an 11-year-old girl with hereditary spherocytosis who developed acute renal failure, encephalopathy, thrombocytopenia, and coagulopathy during primary infection of B19V. For the first time, a renal biopsy defined the entity of B19V-infected tubulointerstitial nephritis.

CASE PRESENTATION {#s1}
=================

An 11-year-old Japanese girl with spherocytosis visited our hospital because of a 1-day fever and oliguria. She complained of headache, abdominal pain, and vomiting. Because of seizure and cardiopulmonary arrest just after admission, this patient entered pediatric intensive care. Her father and grandfather had hereditary spherocytosis. She received the diagnosis of spherocytosis at 10 months old but lived an active life with borderline anemia.

On admission, her consciousness level was Glasgow coma scale E1V1M3 on respiratory support. The body temperature was 39.8℃, pulse rate was 144 beats/minute, and blood pressure was 149/75 mmHg. Physical examinations revealed jaundice, sluggish dilated pupils, splenomegaly, and edema. Complete blood counts showed 13.0 × 10^9^/L neutrophil dominant leukocytosis, a hemoglobin concentration of 10.3 g/dL, hematocrit 29.2%, reticulocytes 75‰, and a platelet count of 92.0 × 10^9^/L. A prolonged prothrombin time (42.3 seconds; reference range \[rr\], 10.0--13.5) and activated partial thromboplastin time (120.6 seconds; rr, 26.0--41.0) as well as decreased fibrinogen (106 mg/dL; rr, 150--300) and increased fibrin/fibrinogen degradation product levels (791.4 µg/mL; rr, \<5.0 µg/mL) indicated consumption coagulopathy. Peripheral blood smears showed spherocytosis but no schizocytes. Blood chemistries revealed increased levels of creatinine 4.03 mg/dL (rr, 0.35--0.58), blood urea nitrogen 74 mg/dL (rr, 8--20), total bilirubin 3.1 mg/dL (rr, 0.3--1.2), aspartate aminotransferase 478 U/L (rr, 12--30), alanine aminotransferase 148 U/L (rr, 3--18), and lactic dehydrogenase 2255 U/L (rr, 150--231). C-reactive protein concentration was 9.91 mg/dL (rr, \<0.06). The serum complement levels were decreased: C3 63 mg/dL (rr, 65--135), C4 13 mg/dL (rr, 13--40), and CH50 17.7 U/mL (rr, 25--48). Urinalyses showed hemoglobinuria and proteinuria (3.9 g/g creatinine) but not hematuria or casts. Urine β ~2~-microglobulin was 76 310 µg/L (rr, \<300 µg/L). No causative bacteria were isolated from the blood or stool cultures. Plasma ADAMTS13 activity was \<1% (rr, \>10%), and ADAMTS13 inhibitor was negative (cutoff \<0.4 Bethesda titer). Serum B19V-specific immunoglobulin (Ig)M and IgG antibodies were undetectable. Serum B19V DNA was \>10^11^ copies/mL (cutoff 10^2^). A cerebrospinal fluid study was unremarkable. Hyperferritinemia (29 839 ng/mL; rr, 10--80) and hypercytokinemia (soluble interleukin-2 receptor 3981 U/mL, rr = 145--519; and interleukin-6 4156.7 pg/mL, rr = 0.447--9.96) indicated macrophage activation syndrome (MAS). Flow cytometric analyses of peripheral blood indicated no T-cell activation. Magnetic resonance imaging revealed mild brain edema. Electroencephalography showed high-voltage slow waves. Despite normal echocardiography findings, pulmonary bleeding occurred on ventilator support.

Continuous renal replacement therapy (CRRT) and plasma therapy were started for the control of acute kidney injury (AKI) and coagulopathy ([Figure 1](#F1){ref-type="fig"}). Under a tentative diagnosis of B19V-driven thrombotic thrombocytopenic purpura (TTP), intravenous Ig, high-dose steroid therapy, and plasma exchange (PE) and/or infusions were started. During 6 courses of PE, she regained full consciousness with subdural hematoma. A restored activity of ADAMTS13 and no abnormal multimers of von Willebrand factor indicated consumption coagulopathy.

![Clinical course of the present case. B19V, parvovirus B19; CHDF, continuous hemodiafiltration; HLA-DR, human leucocyte antigen D-related; Ig, immunoglobulin; IL, interleukin; IVIG, intravenous immunoglobulin; mPSL, methylprednisolone; PCR, polymerase chain reaction; PE, plasma exchange; sIL-2R, soluble interleukin-2 receptor.](ofaa288f0001){#F1}

She was then weaned from CRRT and assist ventilation. She was discharged from the hospital without hematuria or proteinuria on day 47 of admission. Serum creatinine levels were normalized. Urine β ~2~-microglobulin decreased to \<100 µg/L. Serum B19V DNA decreased to 10^2^ copies/mL, and the virus-specific antibody titers showed seroconversion. She returned to an active school life with mild brain atrophy. Three months later, the Wechsler Intelligence Scale for Children (4th ed.) revealed a borderline IQ of 75 with impaired perceptual reasoning, working memory, and processing speed.

Ethical Statement {#s2}
-----------------

This study was approved by the local ethics committee, and written informed consent was obtained from patient and her parents.

METHODS {#s3}
=======

Renal tissue was obtained by percutaneous renal biopsy in the patient. The specimens were studied by light microscopy (LM) and immunofluorescence (IF). For LM, a portion of the kidney biopsy was fixed in periodate-lysine-paraformaldehyde, embedded in paraffin, cut at 3 μm, and treated with hematoxylin and eosin, periodic acid-Schiff, and periodic acid silver methenamine. For IF, kidney fragments were embedded in OCT compound, snapfrozen in *n*-hexane cooled with a mixture of dry ice and acetone, and cut at 5 μm and stained with antihuman IgG, IgA, IgM, C3, C1q, and fibrinogen.

Paraffin-embedded renal biopsy sections were also analyzed for B19V-specific viral capsid proteins, CD8, CD56, and CD20 by immunohistochemistry. Heat-induced epitope retrieval was performed using microwave for 15 minutes in antigen retrieval buffer (pH9; Nichirei, Tokyo, Japan). After washing with Tris-buffered saline (TBS), one of the following primary antibodies was applied: mouse anti-parvovirus B19 monoclonal antibody (1:200; Chemicon, no. MAB8293), rabbit antihuman CD8 monoclonal antibody (1:500; Abcam, no. ab93278), mouse antihuman CD56 monoclonal antibody (1:100; Invitrogen, no. 07-5603), and mouse antihuman CD20 (1:5; Nichirei, no. 422741). After incubating overnight at 4°C, sections were washed in TBS 3 times and incubated with peroxidase-labeled antirabbit or antimouse antibody (Histofine Simplestain Max PO; Nichirei) for 30 minutes at room temperature. Peroxidase activity was detected with diaminobenzidine (\[DAB\] Sigma-Aldrich). Sections were counterstained with hematoxylin and dehydrated.

Flow cytometry was performed using a cell analyzer (Sony, no. EC800). Multicolor staining was carried out using phycoerythrin-, Brilliant Violet 711-, Brilliant Violet 421-, phycoerythrin-cyanin5-, or phycoerythrin-cyanin7-conjugated monoclonal antibodies against, CD3, CD4, CD8, CD14, and CD19 (Beckman Coulter or BioLegend). Mononuclear cells (MNCs) were separated from peripheral blood using Vacutainer CPT (BD, no. 362753) and were then fractionated into CD3^−^CD19^+^, CD3^+^CD4^+^, CD3^+^CD8^+^, and CD3^−^CD19^−^CD14^+^cells, in \>98% of purity, using a cell sorter (Sony, no. SH800Z). Real-time polymerase chain reaction (PCR) was performed in the laboratory of BML Inc. (Tokyo, Japan). Deoxyribonucleic acid was isolated from sorted cells (CD4^+^, CD8^+^, CD14^+^, and CD19^+^ cells) and frozen renal tissue using the QIAamp DNA Mini Kit (QIAGEN, no. 51304). The presence of B19V DNA was assessed by real-time PCR, using the following: forward primer, 5'-TGCAGTATTATCTAGTGAAGACTTACACAA-3'; reverse primer, 5'-ATGAATCCTTGCAGCACTGTC-3'; probe, 5'-FAM-CTGGGCAAGTTAGCGTACAACTACCCGGTA-TAMRA-3'.

RESULTS {#s4}
=======

On day 29 of admission, LM of kidney biopsy samples revealed tubulointerstitial nephritis with lymphocyte infiltration ([Figure 2A--C](#F2){ref-type="fig"}). No glomerular or vascular lesion was found. There were no immunofluorescence-positive deposits for IgG, IgA, IgM, C3, or C1q. Tubular epithelial cells were exclusively positive for the monoclonal antibody against the epitope of VP1 and VP2 ([Figure 2D--F](#F2){ref-type="fig"}). The B19 capsid protein was stained in the proximal tubules and also to lesser extent in the distal tubules. Tubular inflammation was confined to the proximal tubules ([Figure 2D](#F2){ref-type="fig"}). The infiltrating cells were positive for CD8 and CD56 but not CD20 ([Figure 2G--I](#F2){ref-type="fig"}). The kidney biopsy sample contained a high copy number of B19V DNA (3.2 × 10^6^ copies/µg DNA). When the viral load was assessed in sorted subpopulations of peripheral blood MNCs, CD3^−^CD19^+^ cells contained B19V DNA (1.4 × 10^4^ copies/µg DNA), but CD3^+^CD4^+^, CD3^+^CD8^+^, or CD3^−^CD19^−^CD14^+^ cells had no detectable virus DNA.

![Light microscopic findings of the kidney biopsy samples. (a and b) Mononuclear cells infiltrate into the edematous interstitial areas. There are several foci of clustering inflammatory cells (arrows) around the tubular epithelium (Periodic-acid Schiff \[PAS\] staining; original magnification ×100 \[a\], ×400 \[b\]). (c) Glomeruli showed minimal abnormality. The glomerular capillaries are patent, with neither thickening nor irregularity of the capillary wall (PAS staining, original magnification ×400). (d and e) B19 capsid protein-positive tubular cells (arrow head) are scattered around the area of mononuclear cell infiltration (immunohistochemical \[IHC\] staining of B19 capsid antigen; original magnification ×100 \[d\], ×400 \[e\]). (f) Note that glomeruli do not show B19 capsid protein positivity (IHC staining of B19 capsid protein; original magnification ×400). (e--i) CD8- or CD56-positive cells are found among the infiltrating mononuclear cells, but not CD20-positive cells (IHC staining of CD8 \[g\], CD56 \[h\], and CD20 \[i\], respectively; original magnification ×400).](ofaa288f0002){#F2}

DISCUSSION {#s5}
==========

This is the first report of B19V-associated acute tubulointerstitial nephritis. The virus capsid protein was notably expressed in the tubular epithelium of B19V DNA- loaded kidney. Infiltrating cells were CD8^+^ T-cells harboring no B19V DNA. The aggressive AKI was considered to have arisen from the ectopic infection and inflammation with hyperviremia.

Severe complications occur in acute B19V infection. At the first presentation of TTP-like disease, no red cell fragmentations were found. Stable circulation did not augment the renal damage after resuscitation. This case met the diagnostic criteria of MAS/HLH leading to kidney inflammation. We summarized 19 reported patients with B19V-associated MAS/HLH, including our own ([Supplementary Table 1](#sup1){ref-type="supplementary-material"}). Fifteen (76%) had hemolytic anemia or immunodeficiency leading to hyperviremia. The most frequently involved organs were the liver, heart, central nervous system (CNS), and kidney, in that order. All 5 patients (patients 1, 7, 8, 10, and 15) survived AKI, and 4 (21%) died from 3 CNS disease or 1 myocarditis. This suggests a message that AKI occurs in cases of B19V-driven MAS/HLH but can fully improve after intensive therapy.

The pathophysiology of B19V-associated AKI is a major concern. Parvovirus B19 causes immune complex-mediated glomerulonephritis as the most common form of AKI. Thirty-two cases of B19V-associated renal complication have been reported, including the present one ([Supplementary Table 2](#sup1){ref-type="supplementary-material"}). Endocapillary or mesangial proliferative glomerulonephritis occurred in 25 patients (78%). They had a prodrome phase (3 days\~2 months) until the renal manifestation, detectable B19V-specific IgM or IgG antibody titers, and immune deposits in the kidney tissues. Anti-B19V antibodies produce circulating immune complexes and subsequent deposits in the mesangial or subendothelial spaces, provoking acute endocapillary proliferative glomerulonephritis \[[@CIT0007]\]. However, in our case, AKI abruptly occurred at the peak viremia without detectable B19V antibodies or immune deposits. High viral loads in hemolytic diseases including hereditary spherocytosis, or immunological diseases, are associated with more severe B19V disease \[[@CIT0008]\]. Productive B19V infection is restricted to human EPCs, particularly at the stage of burst-forming unit-erythroid to colony-forming unit-erythroid. Erythropoietin and hypoxia also play a critical role for the efficient replication. In this line, severe reversible AKI might occur in association with hyperinflammation and hyperviremia. Regarding the pathogenesis of AKI, there might be some factors other than tubulointerstitial nephritis. In the present case, serum creatinine levels had been already elevated at the time of cardiac arrest, suggesting that acute tubular necrosis after cardiac arrest was not the leading cause of AKI. However, the renal histology did not determine the effect size of tubulointerstitial nephritis or acute tubular necrosis on AKI. In this setting, the resuscitation might have contributed to the exacerbation of AKI.

The cellular tropism of B19V remains unclear. In a reported case of B19V-associated collapsing glomerulopathy, the capsid antigen was positive for podocytes, parietal epithelial cells, and tubular epithelial cells \[[@CIT0009]\]. In contrast, it showed limited expression in the tubular epithelial cells of our case. Parvovirus B19 infects cells through the main receptor, P-antigen, and 2 coreceptors (α ~5~β ~1~ integrin and Ku80) \[[@CIT0010]\]. P-antigen, a receptor for P-fimbriated *Escherichia coli*, is the predominant glycolipid of the human kidney and uroepithelial cells. However, these do not express α ~5~β ~1~ integrin or Ku80. Parvovirus B19 capsid binds P-antigen and undergoes a conformational change, exposing VP1u, which is required for internalization \[[@CIT0011]\]. Therefore, B19V might have internalized tubular epithelial cells via adhesion to P-antigen after VP1u exposure. In a recent study, nephrotropic parvovirus has been reported to cause chronic tubulointerstitial nephritis in rodents, although the tropism for the tubular epithelial cells remains elusive \[[@CIT0012]\]. The sequence homology between the present strain of B19V and mouse nephrotropic parvovirus was not studied because the virus genome was not isolated in our patient.

CONCLUSIONS {#s6}
===========

Parvovirus B19 DNA persists lifelong in human tissues, but little is known about the fate of specific cell types harboring B19V. Long-lived memory B cells are reservoir candidates for B19V, where no virus replication was demonstrated \[[@CIT0013]\]. Antibody-dependent enhancement is a mechanism of B19V entry into monocytes and endothelial cells. However, undetectable B19V-specific IgG and absent Ig deposits did not support the antibody-dependent mechanism of infection in our patient. In this context, the presence of virus capsid antigen in tubular cells indicates ectopic infection rather than replication. We demonstrated a novel AKI due to B19V-infected tubulointerstitial nephritis arising from hyperviremia in hemolytic disease.

Supplementary Data {#s7}
==================

Supplementary materials are available at *Open Forum Infectious Diseases online*. Consisting of data provided by the authors to benefit the reader, the posted materials are not copyedited and are the sole responsibility of the authors, so questions or comments should be addressed to the corresponding author.
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